ABSTRACT: Blubber blocks were collected from both a recently killed (dead whale complete samples; DWCS) and several live (living whale partial samples; WPS) Mediterranean fin whales Balaenoptera physalus and analyzed for their lipid and fatty acid (FA) composition. Mean lipid content for the different body parts of DWCS samples ranged from 33 to 69% of the wet weight and triacylglycerols (TG) represented 80 to 86% of the total lipids; 36 FAs were observed in all blubber layers in greater than trace amounts (> 0.2%). Multivariate correspondence analysis showed that the major variation in FAs structure was related to body position (dorsal versus ventral and lateral) and to a lesser extent to the blubber stratification. Dorsal blubber TG could be distinguished from the other locations by the relative levels of 20:0 and 20:1 FA, whereas polyunsaturated fatty acids (PUFA) were the main descriptors of the lateral and ventral blubber. Stratification resulted in a slight increase in monoenoic fatty acid (MUFA) content from the inner to the outer layers and a decreasing PUFA content. The 6 biopsies from living whales showed a similar FA composition and displayed FA profiles similar to those of the dorsal outer blubber blocks. Comparison of blubber FA structure with fin whales from the North Atlantic showed major differences, with a far lower percentage of 22:1 FA for the Mediterranean individuals and smaller differences in long chain MUFA between the inner and outer layer. Fin whales feed on the euphausiid Meganyctiphanes norvegica. Ligurian Sea M. norvegica appeared to have lower percentages of 20:1 and 22:1 FAs than their North Atlantic counterparts. Hence, the lower percentages of 20:1 and 22:1 FAs in the inner layer could reflect the structure of the prey assimilated. The slightly higher values in the outer layer could reflect the previous fall and winter feeding periods in Atlantic waters. The relative homogeneity of the blubber throughout the body suggested that sampling live animals to describe trophic interactions may be more realistic in the Mediterranean Sea than in the Atlantic.
INTRODUCTION
Fin whales Balaenoptera physalus L. are the largest marine predator in the Mediterranean Sea, with a summer abundance estimated to be around 3500 individuals (Forcada et al. 1996) . Each summer, around 900 individuals concentrate in the Northern part of the occidental basin (Gannier 1997 , Notarbartolo di Sciara et al. 2003 to feed on euphausiids (mostly Meganyctiphanes norvegica) (Orsi-Relini & Giordano 1992 , Notarbartolo di Sciara et al. 2003 .
The biochemical composition of the fin whale blubber has been mainly investigated in individuals from the Atlantic Ocean, and no study has been reported for the western Mediterranean Sea. The ventral groove blubber is a fibrous and tough tissue, while the rest of the body, with the exception of the upper jaw, is less fibrous and more fatty (Ackman et al. 1975a ). Lipid content is 8.9 to 36.5% in the anterior ventral groove blubber, and 54.2 to 77.4% in the posterior dorsal blubber (Lockyer et al. 1984) . This difference has been related to a difference in the blubber function, with the posterior dorsal part representing a fat store for energy reserves (Lockyer et al. 1984) .
Vertical stratification within the blubber depth has also been described. Lockyer et al. (1984) reported on blubber cross-sections at one body site, and described it as a macroscopic subdivision in 3 layers: the 'top layer' (or 'outermost layer'), located beneath the skin, the 'central layer', comprising the looser fatty tissue in the centre, and the 'basal layer' (or 'innermost layer'), adjacent to the connective tissue between the blubber and the underlying musculature. In previous studies, the top layer exhibited the highest lipid content and was considered to be catabolically more stable. The basal layer, on the other hand, presented the highest protein content. It has been suggested that in the basal layer, fat may be in a state of dynamic equilibrium between storage and catabolic breakdown, whereas the top and central layers may function as long-term energy storage zones (Ackman et al. 1975b) .
Dietary fatty acids affect the FAs composition of the blubber lipids of whales and seals, and FA signature of the blubber lipids is to some extent related to the composition and changes in the diet (Ackman et al. 1971 , Iverson 1993 , Smith et al. 1997 . This concept has also been extended to groups other than whales and seals (Reidinger et al. 1985 , Rouvinen & Kiiskinen 1989 , Pond et al. 1995 . In the case of cetaceans, the analysis is classically performed with samples of subcutaneous blubber. This type of sample, however, lacks certain information regarding the dietary history of the animals, as vertical stratification occurs in the whale blubber. Indeed, baleen whale blubber lipids consist of triacylglycerols (TG) deposited over time, with the most recent deposits in the innermost layer, close to the muscle boundary (Lockyer et al. 1984 ). This introduces a source of uncertainly in the signature from prey to predator (e.g. in elephant seals; Best et al. 2003) .
The main objectives of the present study were: (1) to establish the variability of Mediterranean fin whale blubber both according to body sector and within a given body sector, in terms of both total lipid content and TG FA composition; (2) to evaluate the degree of FA stratification in fin whale blubber and its relationship with the euphausiid Meganyctiphanes norvegica, the principal element of the Mediterranean fin whale diet.
MATERIALS AND METHODS
Sampling. Viale (1985) pointed out the impossibility of collecting whale material at will, underlining the fact that results in cetology are always isolated; it is not possible to plan for them and they are not reproducible in detail.
For this reason, blubber blocks were sampled from a recently deceased animal, a 17.80 m length adult male fin whale accidentally killed by a container ship (Fast Trader) in the Mediterranean Sea on October 20, 2000. The animal was examined by veterinarians prior to sampling and it was considered to be in good nutritional health, without any signs of pathology (F. Dehrmain, pers. comm.). The samples were collected by the 'Groupe d'Etude des Cétacés en Méditerranée' (GECEM) within 10 h of death; 10 blocks of fat tissue of various sizes were collected from positions between the skin layer and the beginning of the muscle layer, and were then wrapped in aluminium foil and frozen at -80°C. The skin was left on each sample to preserve the top/basal orientation (Fig. 1) . Note that the anterior lateral section of the whale was only collected from the right side of the dead body, as it was not accessible from the left side. The blubber blocks were referred to as the dead whale complete samples (DWCS).
In addition to sampling the dead whale, 6 living Mediterranean fin whales were also sampled in the Ligurian Sea from sailing boats of the 'Swiss Cetacean Society' (SCS) during the summer cruise of 2001 (Table 1) . Biopsies, 1 from each animal, were extracted from the back of the whales using a compressed air gun containing a 'punch' of 2 cm in length and 0.5 cm in diameter. These 6 biopsies were referred to as the living whale partial samples (LWPS).
Lipid extraction and analyses. For each block, the skin was cut off and the remaining blubber was measured (length × width; thickness). The blubber blocks were sliced laterally to subsample the different layers, and the position of each slice within the whole block was calculated from the outer to the inner blubber from the mean thickness of each slice. To avoid oxidation, only the centre of each slice was retained for lipid Fig. 1 . Balaenoptera physalus. Sample code locations on the recently deceased fin whale. Samples from the lateral sector of the body were taken from the right side of the whale extraction. In the case of the biopsies, the extraction was carried out on the whole material (skin removed) according to Bligh & Dyer (1959) . The extracted lipids were stored under nitrogen at -80°C. Lipid classes were quantified in all samples after chromatographic separation coupled with flame ionization detection (FID) on an Iatroscan MK-V according to Ackman (1981) . Total lipid extracts were applied to Chromatorods SIII (Chromarod; Iatron Laboratories) using microcapillaries (1 µl), and analyzed in triplicate. Neutral lipids were separated using a double development procedure with the following solvent systems: n-hexane:benzene:formic acid 80:20:1 (v/v) followed by n-hexane:diethyl ether:formic acid 97:3:1.5 (v/v). Calibration was achieved using commercial standards. TG were isolated by thin layer chromatography (TLC) (Mayzaud et al. 1998) .
FA analysis of the TG was achieved on a subset of the 10 blubber blocks of the dead whale. The subset of samples consisted of the dorsal, lateral and ventral portions from the middle of the whale body (MD, ML and MV, see Fig. 1 ). All biopsies collected at sea were also analyzed for TG FA composition. FA methyl esters (FAME) were prepared with 2N KOH in methanol (Christopherson & Glass 1969) . Gas liquid chromatography (GLC) of esters was carried out on a 30 m length × 0.32 mm internal diameter quartz capillary column coated with Famewax (Restek) in a PerkinElmer XL Autolab gas chromatograph equipped with FID. The column was operated isothermally at 190°C. Helium was used as carrier gas at 7 psig. Injector and detector were maintained at 225 and 250°C, respectively. Individual components were tentatively identified by comparing the retention time data with those obtained from authentic and laboratory standards. In addition to the examination of esters as recovered, a part of all ester samples was completely hydrogenated and the products examined qualitatively and quantitatively by GLC. The results are given to within 2 decimal places but this does not represent the level of accuracy. Major components (>10%) are accurate to ± 5%, moderate size components (1 to 9%) to ±10% and minor components to ± 30 to 50%.
Statistical treatment. ANOVA and non-parametric Kruskal-Wallis tests (K-W) were performed using Statgraphics Plus 5.1 software. K-W was used whenever the variance test suggested significant differences between groups.
The FAs responsible for the variability were determined by performing a correspondence analysis (Lebart et al. 1995) . The data matrix consisted of the TG FA distributions from the MD, ML and MV DWCS normalized with arcsine transformation (Zar 1996) . The distance between FA profiles was computed with χ 2 metrics. In brief, the χ 2 metrics established symmetry between the variables and the observations, rendering a simultaneous representation of both variables and observations. The co-ordinates that best explained the largest variance among samples were used in the analysis. Live biopsies were used in the same analysis as supplementary observations, which are not used in the definition of the factorial axes but are projected in the system of the active variables and observations. Proper interpretation of correspondence analysis does not only require that the proximity between variables and observations is monitored, but also requires that the quality of the representation in the factorial plan considered is correct. Such quality is generally expressed by the cos 2 index, which illustrates the distance to the axes. To visualize the quality of representation, the size of the data points is made proportional to the value of cos 2 within the plan of projection used. Hence large symbols indicate good representation while small symbols indicate that such data is better represented in a different factorial system of axes. Computation was done using SPAD 3.0 software.
Comparisons of FA profiles between samples from LWPS and body part composition from DWCS was performed through cluster analysis using the BrayCurtis index. The analysis was performed on a subset of the data matrix of the TG FA profiles of the middorsal (MD), -lateral (ML) and -ventral (MV) samples Table 1 . Balaenoptera physalus. Sampling characteristics for the 10 blubber blocks of a recently deceased whale and the biopsies of 6 living whales. Biopsis from the dead whale correspond to sample code locations AD, AL, AV, MD, ML, MV, PD, PL (see Fig. 1 ) regrouped as outer and middle sections. Distances between clusters were defined using farthest-neighbour clustering (Pielou 1984) using arcsine transformed data. Computation was done using MVSP (MultiVariate Statistical Program) 3.1 software.
RESULTS
The blubber of the DWCS did not show any macroscopic heterogeneity that clearly distinguished an outer, a central and an inner blubber layer. However, slight differences in colour were observed from the outermost to the innermost blubber. The outermost blubber was pinkish to whitish, whereas the innermost one was mostly red. The innermost blubber of the blubber block from the MV position of the whale was particularly difficult to slice.
Blubber lipid content of DWCS and LWPS
The mean lipid content recorded for different body sites of the recently deceased whale is presented in Table 2 . When all data were combined, i.e. all blubber blocks and slices, the ventral position showed a significantly lower lipid content (F 2,59 = 12.01, p > 0.0001) with a mean value of 33.4 ± 17% wet weight. The dorsal and lateral sections, with a global mean of 53.2 ± 12.1%, exhibited the highest lipid content and did not show any significant differences between each other (p < 0.05). The position of the different blocks within a given body location (anterior, mid, posterior) showed very few significant differences: the MD blubber showed lower lipid content than the AD and PD samples (F 2,13 = 4.71, p = 0.029), while no significant differences could be established for the posterior and anterior dorsal blubber (PD and AD). The MV block showed a straightforward pattern of variation with a maximum lipid content at around 1 cm from the skin and a steady decrease throughout the deeper part of the blubber. The other sites exhibited less straightforward patterns. Because of the lack of replication in the analysis, which prevented statistical validation of the results, these changes are not detailed here.
The lipid values obtained for the biopsies of the 6 living whales (i.e. samples I to VI) ranged from 12 to 35% for the first 5, while biopsy VI showed lipid content at around 83% of wet weight. The reason for this high value is unclear. When comparing these values to those of the 10 blubber blocks, none of them appeared to correspond to a particular body sector, even using weighed mean to correct for blubber thickness.
Blubber lipid class and FA composition of DWCS
TG accounted for 80 to 86% of the total lipids in all blubber blocks analyzed. The remaining material was composed of polar lipids, diacylglycerols, sterols and unresolved compounds. No significant differences could be established among the different body sites (p > 0.05).
MD, ML and MV were analyzed for FA composition; 36 FAs were always observed in more than trace amounts in the different body sectors. The FA composition of various slices within a given profile were combined into 3 groups based on the lipid heterogeneity of the various layers: the outermost layer (0.5 cm), the middle layer (level: 0.9 to 1.4 or 1.6 cm with maximum lipid content) and the inner layer (level: >1.9 cm with decreasing lipid content).
The FA profiles (Table 3) of all 3 body sectors were dominated by MUFAs (monoenoic FAs), with smaller proportions of SFAs (saturated FAs) and PUFAs (polyunsaturated FAs). Comparisons of FA profiles from the innermost to the outermost blubber at each body site indicated a significant increase in MUFA from the innermost to the outermost layers (F 21,2 = 16.3, p = 0.0001) and a significant decrease in PUFA (F 2, 21 = 3.7, p = 0.04). Changes in SFA were not significant (p > 0.05). The same pattern was observed for each body sector considered individually (not shown).
The most abundant FA for all samples was the short-chain MUFA 18:1n-9 (Table 3) , followed by both palmitic (16:0) and palmitoleic acids (16:1n-7). Sources of variability in the blubber composition were characterized using factorial correspondence analysis (FCA). The first 2 factorial axes accounted for 91.6% of the total variance. The first axis represented the variation between the dorsal portion and the 2 other body portions (Fig. 2) , with 20:0, 20:1n-7, 22:1n-9 as main descriptors of the dorsal blubber and the PUFA 22:2n-3, 20:5n-3, 22:5n-6 and 6.4 13 57.7 ± 6.9 Table 2 . Balaenoptera physalus. Mean total lipid content (± SD) of the different blubber blocks of a recently deceased whale 22:5n-3 as main descriptors of the lateral and ventral blubber. For the second axis, accounted for the variation between the innermost and the outermost layers in the samples (Fig. 2) . The innermost layers were best represented by the SFA (16:0, 17:0, 18:0 and 14:0) and the monoenoic acid 24:1, while the outermost layers were best described by 14:1, 20:1n-11 and 16:1n-7. Table 3 . Balaenoptera physalus. Fatty acid profiles (% total FAs) from mid body samples from a stranded fin whale from the Ligurian Sea. MD = mid-dorsal, ML = mid-lateral and MV = mid-ventral. Only fatty acids contributing > 0.2% are reported. n: number of slices
Blubber lipid class and FA composition of LWPS
The blubber FA composition of the biopsies from the living whales (Table 4) was relatively similar to the pattern recorded for the dead whale. The MUFAs represented 53 to 66% of the total FA, and exceeded the SFA and PUFA. The SFAs were secondarily dominant. Oleic acid (18:1n-9) was the dominant FA, followed by palmitic acid (16:0), palmitoleic acid (16:1n-7), vaccenic acid (18:1n-7), myristic acid (14:0), DHA (22:6n-3), 20:1n-9, stearic acid (18:0), linoleic acid (18:2n-6), EPA (20:5n-3) and linolenic acid (18:3n-3). Projection of the 6 biopsies as supplementary observations into the previous FCA (Fig. 2) showed that all biopsies have dorsal characteristics (positive side of Axis 1) and that while biopsies II to VI have stronger similarities with the outer layer, biopsy I displayed characteristics closer to the inner blubber.
Blubber and diet
The main prey item of fin whales in the Ligurian Sea is the euphausiid Meganyctiphanes norvegica. The aim of the analysis here was not to identify which prey was responsible for the TG constituent of the blubber, but rather to evaluate whether or not the pattern of the blubber FAs showed equal proximity to the FA signature of euphausiids from the Ligurian Sea and from the Atlantic Ocean. A comparison of the triglyceride fatty acid composition from animals collected in different parts of the Atlantic Ocean and the Ligurian Sea was achieved by factorial correspondence analysis. The first 2 axes accounted for > 60% of the total inertia (Fig. 3) . The Ligurian Sea individuals are discriminated on the first factorial axis in opposition the eastern (Nova Scotia) and western Atlantic samples (Kattegat and Clyde Sea). The descriptors responsible for this pattern are the monoenoic acids 16:1n-7, 18:1n-5, 20:1n-11, 20:1n-9, C22:1n-11, 22:1n-9 and 22:1n-7 , which appeared deficient in the triglycerides from the Mediterranean krill populations. The contribution of C20 and C22 monoenoic is greatest for the western Atlantic samples (Nova Scotia shelf), intermediate for the western Atlantic samples (Kattegat, Clyde Sea) and negative for the Ligurian Sea samples.
DISCUSSION
Comparisons of total lipid content in blubber for individuals from different geographic locations is likely to show large variability. However, some features seem relatively constant in the few studies reported thus far. The mean percentage lipid content (per wet weight of tissue) calculated in the present study for the DWCS revealed a non-uniform distribution of fat in the blubber. The low values recorded for the ventral sector of the whale and the high fat content observed for the PD and PL sites (53 and 58% of wet weight, respectively) agreed with the observations of Lockyer et al. (1985) , who suggested that the tail region of the whale may be a major site for fat storage. Conversely, the value we report for the MD site is much lower than that indicated by Lockyer et al. (1985) (i.e. 39% of wet weight versus 56%), and also much lower than earlier results by Feltmann et al. (1948) . The lack of correlation between blubber thickness and blubber fat content observed in our study is also in contradiction with the findings of Lockyer et al. (1985) . In most studies on baleen whales, blubber stratification has been considered over 1, 2 or at most 3 macroscopic levels, i.e. the outermost (nearest skin), the central and the innermost (adjacent to muscle) zones. All studies agree that the outermost zones (top and central) are the chief fat storage areas (Ackman et al. 1975b , Lockyer et al. 1984 , Lockyer 1987 , as well as being the site that is metabolically stable, as opposed to the extensive fluctuations in fat deposition or depletion in the inner blubber layer (Ackman et al. 1975b ). In agreement with the findings mentioned above, the total lipid content in our study was heterogeneous throughout the blubber depth. Only the MV site clearly indicated a higher fat content in the outermost layers than in the innermost ones. This result confirms that the ventral blubber section may be linked to feeding processes, rather than being solely associated with passive storage of energy reserves (Ackman et al. 1975b) .
As expected for an energy storage tissue like blubber, Lockyer et al. (1984) reported TG as the largest constituent of the total lipids (55 to 63%) in adult fin whales. Similarly, Ackman et al. (1968) and Bottino (1978) found that blubber of fin and sei whales was also dominated by TG. In the present study, TG dominated in all samples, with percentages ranging from 80 to 86% of wet weight, without significant differences among body sites. Our analysis of the FA constituents of the TG was limited to 3 body sites of the dead whale, i.e. MD, ML and MV, and the 6 biopsies from living whales. The range of FAs found in the blubber samples of the Mediterranean fin whales indicated a higher percentage of PUFA and a lower percentage of MUFA compared to North Atlantic individuals (Ackman et al. 1965 , Ackman & Eaton 1966 , Lockyer et al. 1984 , Lockyer 1987 ). The pattern of major FAs was relatively similar to that of previous studies, with 16:0 and 14:0 dominating in the SFA group, 18:1n-9, 16:1n-7 and 20:1n-9 accounting for most MUFA, and 22:6n-3, 18:2n-6, 22:5n-3 and 20:5n-3 dominating in the PUFA fraction. The major difference corresponded to a lower content in 22:1 for the Mediterranean individuals (0.4 to 0.6% versus 9 to 18%).
Blubber has 3 primary functions in marine mammals: energy storage, insulation and buoyancy (Iverson 2002) . Blubber FAs originate from a variety of processes (Allen 1976 , Best 2003 . Two different scenarios of changes in metabolic processes can be proposed: (1) FAs are retained and accumulated in the Table 4 . Fatty acid profile (% total FAs; mean ± SD) from 6 underskin biopsies collected from live whales in the Ligurian Sea blubber when the animal is in a state of net energy gain and (2) blubber FAs are mobilized and used to provide energy when the animal is in a state of net energy loss. Direct assimilation and accumulation of dietary FA into the blubber has been observed for baleen whales (Ackman & Eaton 1966) , but differences between dietary FA and blubber composition, suggesting important reorganization, have also been reported (Ackman et al. 1971 , Bottino 1978 , Olsen & Grahl-Nielsen 2003 . Our study is based on a single individual, and as such is only a preliminary report on Mediteranean fin whale blubber characteristics. Heterogeneity in the blubber FA composition was related to both body sector and blubber stratification, a general feature in most marine mammals with higher proportion of MUFAs and lower proportion of PUFAs and SFAs in the outer layers of whales (Ackman et al. 1965 , Lockyer et al. 1984 , Olsen & Grahl-Nielsen 2003 and pinnipeds (Fredheim et al. 1995 , Best et al. 2003 . However, the dynamics of MUFAs vary, depending on the chain length considered. If short chain MUFAs (up to C18) always increased from the inner layer to the outer, long chain MUFA may show a similar pattern (Ackman et al. 1965 , Lockyer et al. 1984 or the opposite pattern in both whales and pinnipeds (Freidheims et al. 1995 , Best et al. 2003 , Olsen & Grahl-Nielsen 2003 . In the Mediterranean Sea, the differences in FA stratification were small in range and also varied with body location. Dorsal differences in SFAs, MUFAs and PUFAs were the largest (respectively 2.6, 8.6 and 6.0%) and lateral differences were the smallest (respectively 4.5, 4.2 and 0%). Irrespective of body location, long chain MUFAs (20:1 and 22:1) showed relatively small differences with respect to blubber stratification but with an obvious trend for higher values in the outer layer.
The low values of 20:1 and 22:1 FAs raised the question of the nutritional state of the recently deceased male. Lockyer et al. (1985) and Lockyer (1987) suggested that blubber thickness and fat content from the posterior ventral section should illustrate body fat conditions. In the Atlantic Ocean, male blubber thickness varies from 4 to 8 cm in the ventral sections (Ackman et al. 1975 , Lockyer et al. 1984 , 1985 . Corresponding lipid content (% wet weight) ranges from 25 to 60% in the inner layer and from 40 to 75% in the outer layer (Ackman et al. 1975a) or from 50 to 80% (Lockyer et al. 1984 ) when whole blubber is considered. The values for the Ligurian Sea fin whale fits quite well with those reported earlier, with a blubber thickness of 5 to 6 cm for the ventral sections with corresponding lipid content ranging from 20% in the inner to 75% in the outer layer. Based on these criteria, the individual sampled appeared to be in a nutritional state similar to that of North Atlantic animals.
The role of blubber stratification in whales remains uncertain. Temperature regulation has been proposed in seals (Fredheim et al. 1995) because of lower MUFA and higher PUFA contents in the inner layers of the blubber. Extreme stratification would lower the melting point of lipid and maintain membrane fluidity close to the limit between muscle and blubber. Ackman et al. (1965) suggested that in seals and whales, metabolism (synthesis and/or deposition) is a more likely form of fatty acid regulation. The data for the Ligurian Sea showed that blubber stratification followed the same pattern despite a higher temperature regime (minimum 13°C, surface maximum 25°C). The increase in PUFA (essentially 22:6n-3, 22:5n-3, 20:5n-3 and 18:4n-3) between the outer and the inner layer recorded was only slightly smaller than that of the fin whale from the colder North Atlantic waters studied by Ackman & Eaton (1966) , and similar to those of the minke whales captured in the North Sea and in Norwegian waters (Olsen & Grahl-Nielsen 2003) . If any relationship between thermal regime, body insulation and blubber stratification affects blubber composition, this is not the main controlling factor.
Metabolic processes related to FA deposition and mobilization within the inner layer may also result in enhanced stratification. The inner blubber is the region where FAs are initially deposited and later mobilized (Ackman et al. 1975b , Lockyer et al. 1984 and the FA composition is likely in a state of dynamic equilibrium with dietary deposition and reorganization following assimilation and transformation in the liver. Conversely, the outer layer is more stable and may integrate over time the excess fat deposited initially at the inner interface. If the high percentages of 20:1 and 22:1 FAs reported for the North Atlantic fin whale support the view that those acids originated from conversion of diet any material or from de novo synthesis from the acetate pool in the liver (Ackman et al. 1965 (Ackman et al. , 1966 , our results suggest a different balance between these controlling factors.
The pathways of whale oil synthesis should consider the influence of prey intake in relation to the characteristics of Ligurian zooplankton. Studies on Mediterranean fin whale feeding habits the Ligurian-Corsican-Provençal area, have shown that the euphausiid Meganyctiphanes norvegica is virtually the sole food item in this sector of the Mediterranean Sea (Notarbartolo di Sciara et al. 2003) . Irrespective of season and growth stage, the FA composition of Ligurian Sea krill is characterized by low levels C20 and C22 monoenes (0.1 to 3%), and a dominance of 20:1 over 22:1 FAs (Mayzaud et al. 1999 , Virtue et al. 2000 , which contrasts with the composition of North Atlantic populations (Ackman & Eaton 1966) . Eastern Atlantic krill showed intermediate percentages of long chain MU-FAs (Virtue et al. 2000) . Direct deposition of krill lipids in Ligurian Sea whale blubber could only yield an inner layer with low percentages of long chain MUFAs, though selectively reorganized to give a composition more species specific with similar levels of 22:1n-9 and 22:1n-11+13, lower levels of 18:1n-9 and higher levels of PUFAs. The extremely low levels of 20:1 and 22:1 FAs alcohols reported for Ligurian Sea copepods (Virtue et al. 2000) confirmed the absence of wax-ester rich Calanus type copepods responsible for the North Atlantic and Arctic pattern of long chain monoenes. The slightly higher levels of these monoenoic acids in the outer blubber layer could simply be related to the different feeding areas used in summer and winter, as the Ligurian fin whale population overwinters in Spanish Atlantic waters and returns in spring and summer to the Mediterranean Sea (B. Mate et al. unpubl. data) .
The biopsies and the dorsal blubber samples suggested strong similarities with the outer layer and in one case the inner layer of the DWCS. The increasing use of FAs to investigate diet in high level marine predators raises the question of the validity of the blubber sample used (Best et al. 2003) . Sampling free ranging whales results in partial cores which often comprise less than 25% of the entire blubber layer and correspond to the outer and upper middle sections. Hence, the validity of the FA profiles is strongly linked to the degree of stratification. In the Mediterranean Sea, the relative homogeneity of the blubber throughout the body limits the potential bias and justifies the air-gun partial biopsy technique.
In conclusion, our study presents a first insight into the biochemical composition of Mediterranean fin whale blubber. The blubber was relatively homogeneous in terms of TG FA composition and probably indicates a well fed individual. It also illustrates the the influence of the FA structure of prey-neutral lipids on the degree of conversion by the predator. Hence, prey lacking wax esters are likely limiting the extent of long chain monoenoic acid (20:1 and 22:1) reorganization, which contrasts with the pattern observed in the North Atlantic.
